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0 A process for Immobilizing an enzyme on an electrode surface. 

© A process for immobilizing an enzyme on an 
electrode surface is provided. The process com- 
prises steps of: 

(a) electroplating the electrode surface, and 

(b) Immobilizing thereon the enzyme and a 
mediator of electron transfer by means of an elec- 
tropolymerzing substance. 

The enzyme immobilized electrode thus ob- 
tained has a broader response range and a longer 
lifetime. 
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A PROCESS FOR IMMOBILIZING AN ENZYME ON AN ELECTRODE SURFACE 



BACKGROUND OF THE INVENTION 



Field of the invention 

The present invention relates to a biosensor, 
particularly a biosensor comprising an immobilized 
enzyme electrode. 



w 



platinum electrode in a phosphate buffered solution 
containing glucose oxidase (1.5 mg, 110 unit/mg) 
for 10 minutes. 

These known biosensors prepared by prior art 
enzyme immobilization methods however have 
problems of a short lifetime owing to leaching of 
the immobilized enzyme or mediator of electron 
transfer out of the electrode surface, and a narrow 
response range owing to insufficiency of absolute 
amounts of them as actually immobilized. 



Description of the prior art 

A biosensor comprising an electrode on the 
surface of which an enzyme and a mediator of 
electron transfer are immobilized was described by 
Anthony E.G. Cass, et al. In "Analytical Chemistry" 
Vol. 56 (1984), No. 4, pages 667-671. This biosen- 
sor is one that was prepared by depositing, as a 
mediate of electron transfer, 15a L of 1,1'- 
dimethylferrocene (0.1 M in toluene) onto the sur- 
face of graphite electrodes (4 mm diameter), which 
had been heated at 100* C in air for 40 hours and 
allowed to cool; air-drying the deposited elec- 
trodes; Immersing the dried electrodes into an 
aqueous solution of 1-cyclohexyl-3-(2-mor- 
pholinoethyl) carbodiimide p-methyl-toluenesul- 
fonate for 80 minutes at 20 *C. and then into an 
acetate buffer solution (0.1 M, pH 9.5) containing 
glucose oxidase (12.5 mg/mL) for 90 min at 20 *C; 
and covering the electrodes with a polycarbonate 
membrane. 

A biosensor comprising an electrode on the 
surface of which an enzyme is immobilized by an 
electropolymerizing substance was described by 
Mirtha Umana. et al. in "Analytical Chemistry" Vol, 
58 (1986). No. 14. pages 2979-2983. This biosen- 
sor is one that was prepared by potentiostatlcally 
electrolyzing an aqueous solution of KCI (0.1 M). 
pyrrole (0.5M) and glucose oxidase (500 unrts/mL) 
by using platinum or glassy carbon working elec- 
trode and Ag/AgCI reference electrode at the po- 
tential 0.65 V. 

A biosensor comprising an electrode on the 
surface of which a micro-platinized layer is depos- 
ited and then an enzyme is immobilized thereon 
was described by Yoshihito Ikariyama. et al. in 
"Analytical Letters" Vol. 20 (1987), No. 7, pages 
1407-1416. This biosensor is one that was pre- 
pared by platinizing a platinum electrode (5-200 u 
m diameter) in an aqueous solution of hexach- 
(oropiatinate (33 mg/mL) and lead acetate (0.6 
mg/mL). by potentiostatic or galvanostatic electro- 
lytic reduction; and then immersing the platinized 



SUMMARY O F THE INVENTION 

/3 

An object of the present invention is therefore 
to present a process for immobilizing an enzyme 
on an electrode surface that enables to obtain a 
biosensor having a long lifetime and a wide re- 

20 sponse range, which biosensor has sufficient 
amounts of an enzyme and a mediator of electron 
transfer as actually immobilized on the electrode 
surface and which biosensor is capable of prevent- 
ing leaching of them out of the electrode surface. 

25 Thus the present invention provides a process 

for Immobilizing an enzyme on an electrode sur- 
face comprising steps of: 

(a) electroplating the electrode surface, and 

(b) immobilizing thereon the enzyme and a 
30 mediator of electron transfer by means of an elec- 
tropolymerizing substance. 

The process step (b) may be performed in the 
following single stage (bi) or in the following two 
stages (b2) and (b3): 

35 (bi) forming on the electroplated electrode 

surface, a polymer coating layer essentially con- 
sisting of the enzyme, the mediator of electron 
transfer and the electropolymerizing substance, by 
electropolymerization, or 

40 (b a ) first, physically adsorbing the enzyme to 

the electroplated electrode surface, and 

(ba) then, forming thereon a polymer coating 
layer essentially cosisting of the mediator of elec- 
tron transfer and the electropolymerizing sub- 

46 stance, by electropolymerization. 

Through said single stage (bi), obtainable is a 
biosensor comprising an immobilized enzyme elec- 
trode which has, on the electrode surface, a layer 
of an electroplated metal containing the enzyme 

so and a mediator of electron transfer, and a layer of 
an electropolymerizing substance containing the 
enzyme and the mediator of electron transfer, in 
this order. 

Through said two stages (b 2 ) and (b 3 ), obtain- 
able is a biosensor comprising an immobilized en- 
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zyme electrode which has, on the electrode sur- 
face, a layer of an electroplated metal containing 
the enzyme, and a layer of an electropolymerized 
substance containing a mediator of electron trans- 
fer, in this order. 

In order to obtain a uniform electroplated metal 
layer, it is advantageous to subject the electrode 
surface to an electrochemical pretreatment before 
the electroplating step (a). 

The physical adsorption stage (b 2 ) may be 
effectively performed when an electric potential is 
charged. 

In view of solubility, the polymer coating layer 
formation stage (bi) or (b 3 ) is performed preferably 
under substantially non-aqueous condition. 

By electroplating a metal layer on the electrode 
surface, a large number of micro-pores are formed 
on the electrode surface; and the enzyme and the 
mediator for electron transfer are entrapped therein 
and covered and immobilized with the elec- 
tropolymerizing substance. 

In case wherein the electroplated layer and the 
electropolymerized layer both containing the en- 
zyme and the mediator for electron transfer, it is 
possible to effectively perform the electron transfer 
reaction by the enzyme and so to obtain excellent 
linearity of sensor output current against enzyme 
concentration. 

On the other hand, in case wherein the elec- 
troplated metal layer containing the enzyme and 
the electropolymerized layer containing the media- 
tor of electron transfer are formed in this order, it is 
possible to obtain a long lifetime biosensor, since 
the enzyme is effectively protected by the elec- 
tropolymerized layer. 



BRIEF DESCRIPTION OF THE DRAWINGS 



Fig. 1 shows a schematic illustration of the 
process steps of the present invention including 
two courses of (1) Figs. 1A, 1B and 1C and (2) 
Figs. 1A, 1B t 1Dand 1E. 

Fig. 2 shows a calibration line of glucose 
sensor obtained by the process steps of the Figs. 
1A, IBandlC. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 



The present invention will be explained below 
further in detail with respect to its some embodi- 
ments shown as working examples. 



Example 1 



A course of the process steps shown in Figs. 
1A, 1B and 1C was taken. 

An electrode 1 shown in Fig. 1A was prepared 
by sputtering titanium and gold on a sapphire sub- 
5 trate of 2.3 x 0.4 mm. 

The electrode 1 was immersed in 0.1 M sulfu- 
ric acid solution and subjected to a potential 
sweeping treatment at a sweeping rate of 200 
mV/sec for 10 minutes, at an electrode potential of 
10 -1.5 to +1.5 V against a saturated calomel elec- 
trode as a reference electrode. 

The electrode 1 was then electroplated to form 
a platinum layer 2, as shown in Fig. 1 B, by reduc- 
tion in an aqueous solution of 33 mg/mL of 
is chloroplatinic acid and 0.6 mg/mL of lead acetate 
at 100 a A for one minute and at 200-225 uA for 
ten minutes, using a platinum electrode as a coun- 
ter electrode. 

The platinized electrode 1 then was immersed 
so in an acetonitrile solution of 20 mg/mL of glucose 
oxidase 3 shown in Fig. 1C, 10 mM of ferrocene 
carboxylic acid 4 shown in Fig. 1C, 0.1 M of 
tetraethylammontum-p-toluene sulfonic acid, 0.5 M 
of tetraethylammonium chloride and 0.2 M of pyr- 
25 role 5 shown in Fig. 1C and the pyrrole 5 was 
electropolymerized gaJvanostaticaily at electric cur- 
rent density of 3 mA/cm 2 to form a polymer coating 
layer thereby to immobilize the glucose oxidase 3 
and the ferrocene carboxylic acid 4 on the platlnlz- 
30 ed surface of the electrode 1 . 



Example 2 

35 A course of the process steps shown in Figs. 

1A, 1B, 1D and 1E was taken. 

The procedures up to electroplating of elec- 
trode corresponding to Figs. 1A and IB where the 
same as those of Example 1 . 

40 Then the platinized electrode 1 was immersed 

in a phosphate buffered solution of pH 7.0 contain- 
ing 20 mg/mL glucose oxidase 3 shown in Fig. ID 
at 4* C for 12 hours to take up the glucose oxidase 
3 Into the electroplated platinum layer 2. It is possi- 

48 ble to control the amount of the glucose oxidase 3 
to be taken up into the electroplated platinum layer 
2 by charging an electric potential to the electrode 
1. 

Next, the electrode 1 was immersed in an 
so acetonitrile solution of 10 mM of ferrocene carbox- 
ylic acid 4 shown in Fig. 1D, 0.1 M of 
tetraethylammonium-p-toluene sulfonic acid, 0.5 M 
of tetraethylammonium chloride and 0.2 M of 
pyrole 5 shown in Fig. 1D and the pyrrole 5 was 
55 electropolymerized galvanostatically at electric cur- 
rent density of 3 mA/cm 2 to form a polymer coating 
layer thereby to immobilize the glucose oxidase 3 
and the ferrocene carboxylic acid 4 on the platiniz- 
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ed surface of the electrode 1 . 

In Fig. 2. a calibration line of the glucose 
sensor produced in Example 1 is shown. It is seen 
that straight linearity extends up to 50 mM glucose 
concentration. This means that the range of linear- 6 
ity has been broadened 2.5 to 5 times of prior art 
glucose sensors. 

In the above Examples, glucose oxidase 3 was 
used as the enzyme, ferrocene carboxylic acid 4 
as the mediator for electron transfer and pyrrole 5 w 
as the electropolymerizing substance. It Is also 
posible however to use any oxidase series en- 
zymes containing a flavin adenine dinucleotide 
(FAD), such as D-amino-acid oxidase, pyruvate ox- 
idase, choline oxidase, taking advantage of the fact 15 
that these enzymes can easily be used for electron 
transfer reactions owing to FAD. It is also possible 
to replace the ferrocene carboxylic acid by any 
other ferrocene derivatives such as 1.1 -dimethyl 
ferrocene, methyl ferrocene, hydroxymethyl fer- 20 
rocene. The reason for using ferrocene derivatives 
is that they facilitate the electron transfer from the 
enzyme. Further, the pyrrole may be replaced by 
any other electropolymerizable substances such as 
N-methylpyrroie. aniline. 25 

As for the solvent for electropolymerization. 
acetonitrile was used in the above Examples. Other 
organic solvents, such as nitromethane. N,N- 
dimethylformamide, N.N-dlmethylacetoamide, N,N- 
diethylacetoamide, N-methylformamide, 30 

tetrahydrofuran, formamide or dimethylsulfoxide 
may also be used, since these are good solvents 
also for the mediator for electron transfer. Water 
may also be used, preferably together with a small 
amount of a surface active agent, but many media- 35 
tors for electron transfer are difficultly soluble in 
water. 

As explained In detail as above, the present 
invention has enabled to immobilize sufficient 
amounts of an enzyme and a mediator of electron 40 
transfer, by electroplating the electrode surface to 
form many micro-pores and by covering the out- 
ermost layer of the electrode with an elec- 
tropolymerized substance. Accordingly, the re- 
sponse range of the sensor has been broadened 45 
2.5 to 5 times and the lifetime of the snesor has 
been prolonged. 



Claims 



the immobilizing step (b) comprises a single stage 

of: 

(bt) forming on the electroplated electrode 
surface, a polymer coating layer essentially con- 
sisting of the enzyme, the mediator of electron 
transfer and the electropolymerizing substance, by 
electropolymerization. 

3. The process according to claim 1, wherein 
the immobilizing step (b) comprises two stages of: 

(b 2 ) first, physically adsorbing the enzyme to 
the electroplated elctrode surface, and 

(ba) then, forming thereon a polymer coating 
layer essentially consisting of the mediator of elec- 
tron transfer and the electropolymerizing sub- 
stance, by electropolymerization. 

4. The process according to claim 1, wherein 
the electrode surface is subjected to an electro- 
chemical pretreatment before the electroplating 
step (a). 

5. The process according to claim 2, wherein 
the physical adsorption stage (ba) is performed by 
charging electric potential. 

6. The process acccording to claim 2 or 3, 
wherein the polymer coating layer formation stage 
(bi) or (b3) is performed under substantially non- 
aqeous condition. 

7. A biosensor comprising an immobilized en- 
zyme electrode which has, on the electrode sur- "-^ 
face, a layer of an electroplated metal containing \ 
the enzyme and a mediator of electron transfer, 
and layer of an electropolymerizing substance con- 
taining the enzyme and the mediator of electron 
transfer, in this order. — 3 

8. A biosensor comprising an immobilized en- 
zyme electrode which has. on the electrode sur- ^ 
face, a layer of an electroplated metal containing 

the enzyme, and a layer of an eiectropolymerized 
substance containing a mediator of electron trans- 
fer, in this order. 



1 . A process for immobilizing an enzyme on an 
electrode surface compising steps of: 

(a) electroplating the electrode surface, and 

(b) immobilizing thereon the enzyme and a 55 
mediator of electron transfer by means of an elec- 
tropolymerizing substance. 

2. The porcess according to claim 1, wherein 
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